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PATENT 



TRI-PETALEP AORTIC ROOT VASCULAR GRAFT 



FIELD OF THE INVENTION: 

[0001] The present invention relates to an aortic root vascular graft and methods of 

manufacture. In particular, the present invention relates to seamlessly woven, tri-petaled, aortic 
root vascular grafts. 

BACKGROUND OF THE INVENTION: 

[0002] Tubular woven fabrics have been used for soft-tissue implantable prostheses to 

replace or repair damaged or diseased lumens in the body. In particular, endoprostheses are used 
in the vascular system to prevent the blood from rupturing a weakened section of the vessel. 
Such endoluminal conduits are generally affixed in a specified location in the vessel by means of 
stents, hooks or other mechanisms which serve to secure the device in place. Endoluminal 
tubular devices or conduits can also be used in other lumens in the body, such as in the 
esophagus and colon areas. 

[0003] Weaving is commonly employed to fabricate various tubular shaped products. 

For example, implantable tubular prostheses which serve as conduits, such as vascular grafts, 
esophageal grafts and the like, are commonly manufactured using tubular weaving techniques, 
wherein the tubular product is woven as a flat tube. In such weaving processes, a variety of 
yarns are interwoven to create the tubular fabric. For example, a set of warp yarns is used which 
represents the width of the product being woven, and a fill yarn is woven between the warp 
yarns. The fill yarn is woven along the length of the warp yarns, with each successive pass of 
the fill yarn across the warp yarns for each side of the tube representing one machine pick. Thus, 
two machine picks represent one filling pick in a tubular woven structure, since weaving one fill 
yarn along the entire circumference of the tube, i.e., one filling pick, requires two picks of the 
weaving machine. As such, in a conventional woven product, the fill yarn is woven along the 
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length of the warp yams for a multiple number of machine picks, with the woven product 
produced defined in length by the number of filling picks of the fill yam and defined in width by 
the number of warp yarns in which the fill yam is woven therebetween. 

[0004] Some damaged or diseased lumens, however, have quite complex shapes. For 

example, the root portion of the aorta is provided sinuses or bulges that surround the aortic valve, 
which are called the sinuses of Valsalva. The diameter and orifice area of the aortic root are 
greater at the vicinity of the sinuses as compared to other portions of the root. With such a 
complex geometry, implantable grafts matching such complexity have often be made by suturing 
differently shaped graft components together. For example, U.S. Patent No. 6,352,554 to 
DePaulis describes a method for forming a graft for the aortic root by suturing a bulbous woven 
section in between two straight tubular woven sections. Further, the bulbous woven section is 
also formed cutting or otherwise attaching woven materials. Such techniques are not only costly 
as numerous textile portions must be sutured to one and the other, but also serve as a potential 
source for leakage as it is difficult to suture fluid-tight seams among the textile components. 

[00051 The present invention provides for a seamlessly woven complex grafts including 

seamlessly woven projections or petals, such as but not limited to aortic root grafts, and methods 
for producing the same. 

SUMMARY OF THE INVENTION: 

[0006] In one aspect of the present invention, an implantable, flat-woven multi-petaled 

graft is provided. The graft includes (i) a hollow tubular woven portion having opposed first and 
second tubular ends, the woven portion having a number of warp yams interlaced with a number 
of fill yams in a flat-woven tubular woven pattern to define a flat-woven tubular diameter, and 
(ii) a bulbous woven portion having opposed first and second ends, the first bulbous end having a 
greater number of warp yams interlaced with the fill yams in a flat-woven tubular bulbous 
pattern contiguously woven from the second tubular end to provide a seamless woven , wherein 
the greater number of warp yams are threadingly engaged with the fill yams to define a flat- 
woven bulbous diameter; wherein the second end of the bulbous portion is scalloped with a 
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plurality of petal-like projections seamlessly woven from the first bulbous end. Desirably, the 
graft of the present invention may include three petal-like projections. The bulbous woven 
section may be truncated, i.e., hemispherically or hemibulbously shaped 

[0007] The graft of the present invention may be crimped. For example, the tubular 

portion may be circumferentially crimped. Further, the petal-like projections may be 
circumferentially crimped. 

[0008] The graft of the present invention may be ravel resistant, especially the petal-like 

projections may have edges that are desirably ravel-resistant. The ravel resistant edges may 
formed by fusingly sealing the edges. The edges may include heat- fusible yarns. Further, the 
edges may include an increased yarn density as compared to non-edge portions of the 
projections. The edges may be woven selvages, or may be cut from the bulbous second end. 
One method of cutting includes ultrasonic cutting which can also seal the edges from raveling, 
such as by ultrasonicaily fusing yarns disposed at the edges. 

[0009] Desirably, the petal-like projections are contoured. The petal-like projections 

may be contoured, in part, by threadingly engaging the additional number of warp yams from the 
fill yarns. Further, the second end of the bulbous portion may be contoured, in part, by 
threadingly disengaging the additional number of warp yarns from the fill yarns. The petal-like 
projections or the bulbous portion may be contoured to mimic the shape of the sinuses of 
Valsalva. 

[0010] The tubular woven pattern and the bulbous woven pattern may be selected from, 

but not limited to, a plain weave, a basket weave, a twill weave, a velour weave, a double velour 
weave, a satin weave, a terry weave, and combinations thereof. The warp yarns and the fill yarns 
may include materials, such as polyester, polypropylene, polyethylene, polyurethane, 
polytetrafluoroethylene and combinations thereof. 
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[0011] Desirably, the warp or fill yarns are single ply, 70 denier, 54 filament, twisted flat 

polyester; double ply, 40 denier, 27 filament, twisted set polyester; or combinations thereof. 

[0012] The graft of the present invention may further include a mechanical or tissue heart 

valve wherein the woven petal-like projections are securably attached to the valve. 

[0013] In another aspect of the present invention, an implantable prosthesis includes (i) a 

hollow tubular woven portion having opposed first and second tubular ends, the woven portion 
having a number of warp yarns interlaced with a number of fill yarns in a flat- woven tubular 
woven pattern to define a flat-woven tubular diameter; and (ii) a non-tubular woven projection 
seamlessly transitioned from the second tubular end. The graft may further include a plurality of 
non-tubular projections seamlessly transitioned from the second tubular end. Desirably, the non- 
tubular projections are petal shaped. 

[0014] A method for weaving the graft according to the present invention includes the 

steps of: (i) weaving a first flat-woven tubular section having opposed open ends and having a 
number of warp yarns and a number of fill yarns interlaced in a woven pattern to define a first 
flat-woven diameter; (ii) providing additional warp yarns; (iii) weaving the additional warp yarns 
into a woven pattern with the number of fill yams at one of the open ends of the first tubular 
section to define a bulbous woven section having a second flat- woven diameter, the second 
diameter being greater than the first diameter; and (iv) scalloping the bulbous woven section to 
provide a multi-petaled woven end. 

[0015] The step of scalloping the bulbous end further may further include the step of 

cutting the bulbous woven portion along longitudinal portions to defines edges of a plurality of 
petal-like projections. The cutting may be ultrasonic cutting. Alternatively, the step of 
scalloping the bulbous end may further include the step of seamlessly weaving a plurality of 
petal-like projections extending from the bulbous end. Such weaving may include weaving 
selvages to define woven edges of the petal-like projections. 
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[0016] The method according to the present invention may further include the step of 

radially crimping the woven tubular and the woven bulbous sections. Further, the crimping may 
further include radially crimping the petal-like projections. 

[0017] The method according to the present invention may further include the steps of (i) 

providing a mechanical or tissue heart valve; and (ii) attaching the woven petal-like projections 
to the valve. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

[0018] FIG. 1 is a perspective view of a tri-petaled graft of the present invention. 

[0019] FIG. 2 is a cross-sectional view of the graft of FIG. 1 taken along the 2-2 axis. 

[0020] FIG. 3 is a cross-sectional view of the graft of FIG. 1 taken along the 3-3 axis. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT: 

[0021] It has been discovered through the present invention that tubular woven textile 

products such as multi-lobed or multi-petaled vascular grafts can be seamlessly woven into a 
variety of complex, varied-diameter shapes and sizes, without the need for any post-weaving 
fabrication techniques such as cutting, sewing, suturing and the like. One method for seamlessly 
weaving shaped tubular grafts is disclosed in U.S. Patent No. 5,800,514 to Nunez et al., the 
contents of which are incorporated herein by reference. This patent describes shaped woven 
tubular grafts having a gradual woven transition between different sized or shaped tubular graft 
portions. For the more complex shaped grafts of the present invention such a gradual woven 
transition, however, may not result in a seamless graft which anatomically matches complex 
lumen contours, such as the aortic root. One method for weaving such more complexly shaped 
graft is described in U.S. Parent Application titled "Varied Diameter Vascular Graft", Attorney 
Docket No. 760-182, filed on same date herewith, the contents of which is incorporated herein 
by reference. 
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[0022] FIG. 1 depicts a tri-petaled vascular graft 10 of the present invention. Graft 10 is 

suitable for replacement of the aortic root, but the present invention is not so limited. Graft 10 
includes a first woven tubular section 12 and a varied diameter bulbous woven section 16. 
Although tubular section 12 is depicted as a straight tubular section, the present invention is not 
so limited. For example, woven section 12 may also have a varied diameter, for example a 
tapered shape. Additionally, the bulbous section 16 includes three petals 20a, 20b, 20c. In 
weaving graft 10 warp yarns extend along the longitudinal direction of graft 10, which is 
depicted by vector "L". Fill yams extend circumferentially or radially as depicted by vector "C". 
Graft 10 is woven as a single structure, i.e., a flat- woven, seamless, varied-diameter, tri-petaled 
graft. For example, portion 18 of graft 10 is a seamless transition between the woven sections 12 
and 16. 

[0023] As depicted in FIG. 2, the distal end 14 of woven portion 14 is an open end, more 

particularly a hollow tubular open end. As depicted in FIG. 3 the distal portions of petals 20a, 
20b, and 20c are not connected. Further, the diameter Di of tubular section 12 is desirably less 
than the diameter D2 of bulbous section 16. 

[0024] The bulbous section 14 is depicted as a generally spherical section in FIG. 1 . The 

present invention, however, is not so limited, and the bulbous section may have other outwardly 
extending or flared configurations. For example, the bulbous shape may be oblong, Desirably, 
the bulbous section 16 or the petal-like projections 20a, 20b, 20c are contoured to mimic the 
shape of the sinuses of Valsalva. 

[0025] The graft 10 includes, but is not limited to, a flat- woven tubular portion 12 and a 

contiguous bulbous woven section 16. The first bulbous end proximal to portion 18 is 
contiguous with the first tubular portion 12. The tubular portion 12 includes a first number of 
warp yams interlaced with a plurality of fill yarns in a woven pattern to define a flat- woven 
tubular diameter. The bulbous portion 16 has a second number of warp yarns interlaced with the 
plurality of fill yarns in a woven pattern to define a flat-woven bulbous diameter; wherein the 
second number of warp yarns is greater than the first number of warp yarns. 
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[0026] Desirably, the bulbous diameter, D 2 , is from about 2 mm to about 20 mm greater 

that the first diameter, Dj, more desirably, from about 4 mm to about 12 mm, preferably about 8 
mm. The first diameter, Di, may vary from about 10 mm to about 50 mm. Useful first diameters 
include, but are not limited to, 24 mm, 26, mm, 28 mm, 30 mm and 32mm. Preferred 
corresponding maximum diameters of the bulbous or sinus region 16 include 32 mm, 34 mm, 36 
mm, 38 mm and 40 mm. Desirably, the length of the bulbous section is at least equal to or 
greater than the diameter, Di, of the straight tubular portion 12. 

[0027] The woven patterns of the tubular and the bulbous sections, which may be the 

same or different, include, but are not limited to, a plain weave, a basket weave, a twill weave, a 
velour weave, a double velour weave, satin weave, terry weave and combinations thereof. 
Further, yarn density, yarn denier, and yam type may be constant or may be different between 
the two woven sections. Useful yam types include, but are not limited to of multifilament, 
monofilament, and staple. Useful yarn material, which may be the same or different between the 
two woven sections, includes, but is not limited to, polyester, polypropylene, polyethylene, 
polyurethane, polytetrafluoroethylene and combinations thereof. 

[0028] Desirably, the warp yarns and the fill yams are polymeric yarns, such as, but not 

limited to, of polyester, polypropylene, polyethylene, polyurethane, polytetrafluoroethylene and 
combinations thereof. Preferred warp and fill yams include single ply, 70 denier, 54 filament, 
twisted flat polyester; double ply, 40 denier, 27 filament, twisted set polyester; or combinations 
thereof. 

[0029] Further, the first bulbous end may include a textile portion having an increasing 

number of warp yams at the rate of at least three or more warp yams for every two of the fill 
yams for tubular woven portions and three or more warp yams for every four of the fill yams for 
flat woven fabric portions, such as the petal-like projections, and, optionally, a textile portion 
having an decreasing number of warp yams at the rate of at least three warp yams or greater for 



every two of the fill yarns for tubular sections or for every four of the fill yarns for the fabric or 
sheet-like sections. The bulbous section may be formed by threadingly engaging additional warp 
yarns. 

[0030] The implantable graft of the present invention may be crimped, either totally or 

partially. For example, the tubular woven portion may be radially crimped. The bulbous woven 
portion may be radially crimped. The tubular and the bulbous woven portions may be radially 
crimped. 

[0031] The implantable graft of the present invention may further include a mechanical 

or tissue heart valve securable attached to the second tubular end. 

[0032] In one aspect of the present invention, an implantable, flat-woven multi-petaled 

graft is provided. The graft includes (i) a hollow tubular woven portion having opposed first and 
second tubular ends, the woven portion having a number of warp yams interlaced with a number 
of fill yarns in a flat- woven tubular woven pattern to define a flat-woven tubular diameter, and 
(ii) a bulbous woven portion having opposed first and second ends, the first bulbous end having a 
greater number of warp yarns interlaced with the fill yarns in a flat-woven tubular bulbous 
pattern contiguously woven from the second tubular end to provide a seamless woven , wherein 
the greater number of warp yarns are threadingly engaged with the fill yarns to define a flat- 
woven bulbous diameter; wherein the second end of the bulbous portion is scalloped with a 
plurality of petal-like projections seamlessly woven from the first bulbous end. Desirably, the 
graft of the present invention may include three petal-like projections. The bulbous woven 
section maybe truncated, i.e., hemispherically or hemibulbously shaped 

[0033] The graft of the present invention may be crimped. For example, the tubular 

portion may be circumferentially crimped. Further, the petal-like projections may be 
circumferentially crimped. 
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[0034] The graft of the present invention may be ravel resistant, especially the petal-like 

projections have edges that are desirably ravel-resistant. The ravel resistant edges may formed 
by fusingly sealing the edges. The edges may include heat- fusible yarns. Such heat-fusible 
yarns typically include a fiber or part of a fiber, such as a sheath, having a low melting point 
resin, such as polyethylene. Further details of such yarns and prostheses having such yarns are 
described in U.S. Patent No. 5,178,630 to Schmitt, the contents of which is incorporated herein 
by reference. Further, the edges may include an increased yarn density as compared to non-edge 
portions of the projections. The edges may be woven selvages, or may be cut from the bulbous 
second end. One method of cutting includes ultrasonic cutting which can also seal the edges 
from raveling, such as by ultrasonically fusing yarns disposed at the edges. 

[0035] Desirably, the petal-like projections are contoured. The petal-like projections 

may be contoured, in part, by threadingly engaging or disengaging the additional number of warp 
yarns from the fill yarns. Desirably, the warp yarns change at a rate of at least three or more 
warp yarns for every four of the fill yarns, which is different from the previously described rate 
of change for flat woven tubular sections because the petal-like projections are flat-woven fabric 
or sheets, i.e., not tubular. Further, the second end of the bulbous portion may be contoured, in 
part, by threadingly disengaging the additional number of warp yarns from the fill yarns. The 
petal-like projections or the bulbous portion may be contoured to mimic the shape of the sinuses 
of Valsalva. 

[0036] The tubular woven pattern and the bulbous woven pattern may be selected from, 

but not limited to, a plain weave, a basket weave, a twill weave, a velour weave, a double velour 
weave, a satin weave, a terry weave, and combinations thereof. The warp yarns and the fill yarns 
may include materials, such as polyester, polypropylene, polyethylene, polyurethane, 
polytetrafluoroethylene and combinations thereof. 

[0037] Desirably, the warp or fill yarns are single ply, 70 denier, 54 filament, twisted flat 

polyester; double ply, 40 denier, 27 filament, twisted set polyester; or combinations thereof. 
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[0038] The graft of the present invention may further include a mechanical or tissue heart 

valve, wherein the woven petal-like projections are securably attached to the valve. 

[0039] In another aspect of the present invention, an implantable prosthesis includes (i) a 

hollow tubular woven portion having opposed first and second tubular ends, the woven portion 
having a number of warp yarns interlaced with a number of fill yarns in a flat-woven tubular 
woven pattern to define a flat-woven tubular diameter; and (ii) a non-tubular woven projection 
seamlessly transitioned from the second tubular end. The graft may further include a plurality of 
non-tubular projections seamlessly transitioned from the second tubular end. Desirably, the non- 
tubular projections are petal shaped. 

[0040] A method for weaving the graft according to the present invention includes the 

steps of: (i) weaving a first flat-woven tubular section having opposed open ends and having a 
number of warp yarns and a number of fill yarns interlaced in a woven pattern to define a first 
flat-woven diameter; (ii) providing additional warp yarns; (iii) weaving the additional warp yarns 
into a woven pattern with the number of fill yarns at one of the open ends of the first tubular 
section to define a bulbous woven section having a second flat-woven diameter, the second 
diameter being greater than the first diameter; and (iv) scalloping the bulbous woven section to 
provide a multi-petaled woven end. 

[0041] The step of step of scalloping the bulbous end further may further include the step 

of cutting the bulbous woven portion along longitudinal portions to defines edges of a plurality 
of petal-like projections. The cutting may be ultrasonic cutting. Alternatively, the step of 
scalloping the bulbous end may further include the step of seamlessly weaving a plurality of 
petal-like projections extending from the bulbous end. Such weaving may include weaving 
selvages to define woven edges of the petal-like projections. 

[0042] The method according to the present invention may further include the step of 

radially crimping the woven tubular and the woven bulbous sections. Further, the crimping may 
further include radially crimping the petal-like projections. Alternatively, the graft of the present 
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invention may be made self supporting with crimping by including a yarn with stiff compound, 
typically a monofilament yam, such as a monofilament polyester yarn. Additionally, details are 
described in U.S. Patent No. 5,178,6430, the contents of which are incorporated herein by 
reference. 

[0043] The method according to the present invention may further include the steps of (i) 

providing a mechanical or tissue heart valve; and (ii) attaching the woven petal-like projections 
to the valve. 

[0044] Any type of textile product can be used as the warp yarns and fill yams of the 

present invention. Of particular usefulness in forming the woven prostheses of the present 
invention are synthetic materials such as thermoplastic polymers. Thermoplastic yams suitable 
for use in the present invention include, but are not limited to, polyesters, polypropylenes, 
polyethylenes, polyurethanes and polytetrafluoroethylenes. The yarns may be of the 
monofilament, multifilament, or stable type. 

[0045] The yams used in forming the woven grafts of the present invention may be flat, 

twisted, textured or set, and may have high, low or moderate shrinkage properties. Additionally, 
the yam type and yam denier can be selected to meet specific properties desired for the 
prosthesis, such as porosity, flexibility and compliance. The yam denier represents the linear 
density of the yam (number of grams mass divided by 9,000 meters of length). Thus, a yam with 
a small denier would correspond to a very fine yam whereas a yam with a larger denier, e.g., 
1000, would correspond to a heavy yam. The yams used with the present invention may have a 
denier from about 20 to about 1000, preferably from about 40 to about 300. Preferably, the warp 
and fill yams are polyester, and most preferably the warp and fill yams are single ply, 70 denier, 
54 filament, twisted flat polyester; double ply, 40 denier, 27 filament, twisted set polyester; or 
combinations thereof. 

[0046] The graft of the present invention can be woven using any known weave pattern 

in the art, including, simple weaves, basket weaves, twill weaves, velour weaves and the like, 
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and is preferably woven using a double velour tubular weave pattern. Details of double velour 
patterns are described in U.S. Patent No. 4,517,687 to Liebig et al., the contents of which are 
incorporated by reference herein. Desirably, the double velour pattern includes a satin weave 
where a warp yarn crosses over or under at least four fill yarns The weave patterns may have 
from about 50-200 warp yarns (ends) per inch per layer and about 30-100 fill yarns (picks) per 
inch per layer. The wall thickness of the graft may be any conventional useful thickness, for 
example from about 0.1 mm to about 1.20 mm, desirably from about 0.5 mm to about 0.9 mm. 

[0047] Such a heat setting process is accomplished by first flat-weaving the graft in a 

tubular form out of a material capable of shrinking during a heat setting process. After the graft 
is woven, the graft is placed on a mandrel, and heated in an oven at a temperature and time 
capable of causing the yams of the graft to heat set to the shape and diameter of the mandrel. 
Preferably polyester yarns are used as the warp and fill yams, and the heat setting is 
accomplished at time and temperatures appropriate for the material. For example, heat setting 
can be accomplished at about 190-200° C for a period of about 14-16 minutes. Other methods of 
heat setting may be employed, for example ultrasonic heat-setting, or through the use of steam as 
a heating source. One useful method of ultrasonic heat setting is described in U.S. Patent 
Application titled, "Ultrasonic Crimping Of A Varied Diameter Graft", Attorney Docket No. 
760-184, filed on the same date herewith, the contents of which are incorporated herein by 
reference. After heat setting the graft can be formed into a shape desired for implantation. 

[0048] The invention being thus described, it will now be evident to those skilled in the 

art that the same may be varied in many ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention and all such modifications are intended to be 
included within the scope of the following claims. 
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